, which retained amprolium efficiently; the compound was readily released from the cartridge using methanol containing 2% formic acid. However, the modification with -COOH in WCX sorbent reduced the retention of carbadox resulting in an unsatisfactory recovery (< 30%). The HLB cartridge was well suited for retention of neutral, hydrophilic, and lipophilic compounds including carbadox, monensin and tylosin. The retention of cationic amprolium by the HLB cartridge was significantly improved via adding 0.2 mL of 1.0 M ammonium acetate to the water sample to form ion pairs. Therefore, the HLB cartridge was selected to extract and clean up all water samples collected in this study.
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The removal of dissolved organic matter (DOM) in the prepared water samples helps eliminate the potential matrix effects on the response of the mass spectrometer. A tandem of SPE cartridges has been used to remove DOM in which the first cartridge retains DOM and then is sacrificed at the elution stage. However, the first SPE cartridge can retain a certain fraction of analytes, the extraction recoveries is lowered. In this study, we found that HLB cartridge did not retain DOM effectively; for the control river water containing total organic carbon (TOC) content of 50 mg/L, less than 5% of DOM was retained by HLB cartridge after percolating 50 mL of river water. Little retention of DOM by HLB cartridge was observed for the prepared aqueous humic acid solutions with TOC concentrations ranging from 10 to 60 mg L -1 . Therefore, HLB cartridge is an optimal sorbent to sorb the analytes while manifesting a minimal capability to retain DOM. This operation achieved an IPs of 5.5, which constitutes a reliable identification of target pharmaceutical.
The pharmaceuticals studied here included organic cation (i.e., amprolium), hydrophilic compounds (i.e., carbadox, and monesin), and moderately lipophilic compound (i.e., tylosin).
Amprolium displayed a short retention time (< 1.0 min) on the C 18 Thermo Hypersil Gold column without the addition of HFBA or ammonium acetate in the mobile phase. The added HFBA and ammonium acetate formed ion pairs with amprolium and hence enhanced its affinity with the C 18 column, as evidenced by a retarded retention time at 7.1 min. It was also found that 2 mM ammonium acetate and 20 mM HFBA in mobile phase had a minimal impact on ionization efficiency of the pharmaceuticals in the mass spectrometer. The four veterinary pharmaceuticals were well separated within a time window of 5 to 10 minutes using the gradient mobile phase program described in Materials and Methods.
Linear ranges of standard curves, instrumental quantification limits (IQLs), and method limits of quantification (LOQ) for water and soil samples are reported in Table S1 . All standard curves demonstrated a relatively wide linear range with the correlation coefficient (r 2 ) > 0.999.
IQLs were estimated by measuring the quantifiable amount of pharmaceuticals in methanol 4 starting from sub-picogram levels. Method LOQ was quantified using the river water or soil samples as matrices into which the target pharmaceuticals were spiked. The spiked samples were extracted following the SPE procedures described in Materials and Methods, and analyzed by LC-MS/MS. The values of IQL and method LOQ were defined as the amount or concentration at which the signal-to-noise ratio was 10. The method LOQ values ranged from 0.6 to 20 ng L -1 for the pharmaceuticals in water samples, and 0.004 to 0.09 g kg -1 for those in soil samples.
Monensin is the most sensitive compound for LC-MS/MS analysis thereby exhibiting the lowest LOQ value. The extraction efficiencies and variations were obtained by analyzing the recoveries of the pharmaceutical-spiked river water and soil samples that originally contained non-detectable analytes. For river water, samples were prepared in triplicate at two concentration levels. The 5 lower spiked concentration was 0.25 ng mL -1 for amprolium, 0.75 ng mL -1 for carbadox, 0.03 ng mL -1 for monensin, and 1.0 ng mL -1 for tylosin; the higher concentration level was ten fold greater for each compound. Three typical soil samples collected from the farm were spiked with 0.5, 1.5, 0.06, and 2 g kg -1 of amprolium, carbadox, monensin, and tylosin, respectively. The average recoveries are listed in Table S2 with the standard deviations (SD) reported in the parenthesis. The recoveries for pharmaceuticals in water samples ranged from 71% to 116%, and no significant difference was noted for the samples spiked at the two concentration levels.
Pharmaceutical-amended soil samples were extracted with various solvent mixtures including methanol/water and acetonitrile/water in the presence and absence of ammonium acetate. The results indicate that methanol/0.3 M ammonium acetate mixture (v/v =4/1) could maximally recover pharmaceuticals from soils, with the recoveries of 53% for amprolium, 67% for carbadox, 116% for monensin, and 80% for tylosin. The relatively lower extraction efficiency for cationic amprolium is due to its high affinity with negatively charged sites on soil surfaces. 
